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The turnover of cartilage extracellular matrix (ECM) is increased in osteoarthrosis. 1 ” 3 Dynamic mechan¬ 
icalloading induces a variety of physical phenomena in cartilage including chondrocyte and ECM defor¬ 
mation, hydrostatic pressure gradients, fluid flow, streaming potentials, and physicochemical changes. 
Thus, ECM metabolism may be affected by mechanical, chemical, electrical, or biological (cell-mediated) 
mechanisms. We have studied several mechanisms by which such biophysical factors may affect the syn¬ 
thesis, assembly and loss of proteoglycan (PG) and protein molecules in cartilage explants. 

Articular cartilage disks, 3mm diamx 1mm thick, were harvested from 1-2 wk old calves and 
maintained with daily media (DMEM+10 mM Hepes+10% FBS) changes. Cartilage disks were sub¬ 
jected to either (1) radially unconfined, static uniaxial compression, 5,6 (2) oscillatory compression 5 or 
(3) acidic/basic media. 4 ” 7 

(I) Maturation of newly synthesized PG during static compression & altered pH. Both static 
compression and acid titrated media (pH 7.0, 7.2) during chase slowed the conversion of 35 S-PG to the 
form of high affinity for HA without altering the affinity of tissue-PG for HA (~55%), with similar effects 
for equivalent decreases in intra-tissue pH. 7 Base titrated media (pH 7.7) accelerated the conversion of 
35 S-PG. Thus, static compression appears to delay the extracellular processing of newly synthesized PG 
via a physicochemical alteration in extracellular pH. 7 

(II) Biosynthesis during static compression & altered pH. Static compression inhibited both 
3 H-proline and 35 S-sulfate incorporation. 4 * 5 Compression appears to inhibit GAG synthesis through a 
general metabolic effect, as also evidenced by decreased 3 H-proline incorporation, 4 * 5 rather than via a 
specific biosynthetic Inhibition of core protein. 

(III) Loss of zs S-PGand z H-proteins. Cyclic (2 hr on/2 hr off) compression of large amplitude 
(down to 0.5 mm) accentuated the loss and catabolism of 35 S-PG and 3 H-proteins. 5 This ECM loss 
during compression appears unrelated to pH and may be due to mechanical alterations (e.g., damage 
to the collagen network and increased convective PG transport). 

(IV) Biosynthesis during oscillatory compression . Studies were performed to quantify the effect 
of 24 hr oscillatory compression (1-2% amplitude) on radiolabel uptake during the last 8 hr, relative 
to static 1.0 mm controls. During these low amplitude oscillations, significant physicochemical changes 
do not occur. Both 35 S-sulfate and 3 H-proline incorporation were significantly stimulated (30-40%) at 
oscillatory frequencies (/) of >0.01 cycles/sec (Hz). Dynamic mechanical measurements showed that 
stiffness dramatically increased at / >0.01 Hz, implying a concomitant increase in hydrostatic pressure 
in the central region of the cartilage disk, and pressure gradients, fluid velocity, and. streaming potential 
near the periphery. 
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